Background The poor prognosis of primary percutaneous coronary intervention (PCI) in patients resuscitated from cardiac arrest complicating acute ST-segment elevation myocardial infarction (STEMI) may at least partly be explained by the common presence of cardiogenic shock. This study examined the impact of emergency primary PCI on outcome in patients with STEMI not complicated by cardiogenic shock who were resuscitated from cardiac arrest.
Background
The poor prognosis of primary percutaneous coronary intervention (PCI) in patients resuscitated from cardiac arrest complicating acute ST-segment elevation myocardial infarction (STEMI) may at least partly be explained by the common presence of cardiogenic shock. This study examined the impact of emergency primary PCI on outcome in patients with STEMI not complicated by cardiogenic shock who were resuscitated from cardiac arrest.
Methods and results
The study group included 948 consecutive patients without cardiogenic shock who underwent emergency primary PCI from 2001 to 2006 for STEMI. Twenty-one of them were resuscitated from cardiac arrest before the intervention. Data on background, clinical characteristics, and outcome were prospectively collected. There were no differences between the resuscitated and nonresuscitated patients in age, sex, infarct location, or left ventricular function. The total one-month mortality rate was higher in the resuscitated patients (14.3 vs. 3.4%, P = 0.033), but noncardiac mortality accounted for the entire difference (14.3 vs. 1.2%, P = 0.001), whereas cardiac mortality was similarly low in the two groups (0 vs. 2.0%, P = NS). Predictors of poor outcome in the resuscitated patients were older age (r = 0.47, P = 0.032), unwitnessed sudden death (r = 0.44, P = 0.04), longer interval between onset of cardiac arrest and arrival of a mobile unit (r = 0.67, P = 0.001) or to spontaneous circulation (r = 0.65, P = 0.001), low glomerular filtration rate (r = -0.50, P = 0.02), and the initial thrombolysis in myocardial infarction grade of flow (r = -0.51, P = 0.017). 
Conclusion

Introduction
Cardiac arrest is a well-known complication of acute myocardial infarction, and a predictor of poor outcome [1] . Prompt percutaneous coronary intervention (PCI) to achieve early myocardial reperfusion is a well-established method for the treatment of patients with acute ST-segment elevation myocardial infarction (STEMI), significantly reducing morbidity and mortality [2] [3] [4] [5] . However, data on the possible impact of prompt PCI on the outcome of patients with acute myocardial infarction resuscitated from cardiac arrest are limited and conflicting. One study reported that successful angioplasty was an independent predictor of survival [6] , but this finding has not been confirmed. More recent studies of this patient group reported short-term mortality rates of 24-62% [7] [8] [9] [10] [11] [12] [13] [14] . However, many included patients with cardiogenic shock, a common complication in resuscitated patients with acute myocardial infarction [7] and, itself, a poor prognostic factor.
To clarify this issue, we summarized our experience with emergency PCI for acute STEMI in patients without cardiogenic shock who were or were not resuscitated from cardiac arrest before the procedure.
Methods
Study population
The study sample included all consecutive patients who underwent emergency primary PCI at Rabin Medical Center, a major tertiary facility, from January 1, 2001 to October 30, 2006, for STEMI not complicated by cardiogenic shock. STEMI was defined as the presence of typical chest pain and accompanying symptoms for at least 30 min in the presence of ST segment elevation of greater than or equal to 1 mm in at least two contiguous leads or new-onset left bundle branch block, or left bundle branch block of undetermined duration. Patients admitted with cardiogenic shock and patients with contraindications to aspirin, heparin, or clopidogrel were excluded. A senior interventional cardiologist performed all primary PCI procedures, both during routine duty hours and at night. All conscious patients signed an informed consent form before the catheterization procedure.
The patients were followed prospectively, and all background, clinical, and angiographic data were entered into a computerized registry using a standardized format. Immediate and in-hospital events were recorded as well. Data on major clinical events during and after PCI (for example, death, recurrent myocardial infarction, repeated coronary angioplasty, bypass surgery, heart failure, shock, septicemia) were obtained from accompanying hospital source documentation. The patients' neurological status was defined using the cerebral performance categories (CPC) scale [15] .
Percutaneous coronary intervention procedure
Coronary angioplasty and intracoronary stent implantation were performed through the femoral artery using standard techniques. When suboptimal stent expansion was diagnosed, high-pressure balloon dilatation was used to achieve less than 20% residual stenosis. To assess the PCI results, each operator relied on his visual estimation or on other objective measurements, such as quantitative coronary analysis, as necessary. All patients received unfractionated heparin intravenously during the procedure (70 units/kg bolus), adjusted to achieve an activated clotting time of 225-300 s. Unless contraindicated (for example, bleeding history, concomitant thrombocytopenia), glycoprotein IIb/IIIa inhibitors were administered before initial balloon inflation. After the procedure, all patients were prescribed aspirin (100 mg once daily) and clopidogrel (300 mg loading dose orally followed by 75 mg daily) for at least 1 month, followed by aspirin alone (100 mg daily). Beta blockers, intravenous catecholamines, and intra-aortic balloon counterpulsation were used at the operators' discretion. Hypothermia therapy was used after the procedure according to the cardiac care unit management policy. where S Cr denotes serum creatinine concentration in milligrams/deciliters on the first blood test before PCI, and age is given in years.
Angiographic analysis
All angiograms were reviewed at our angiographic core laboratory using the MDView Quantitative Angiographic System (Medcon Telemedicine Technology, Tel Aviv, Israel). Analyses were performed by an experienced cardiologist who was blinded to the clinical data. At each examination, standard morphologic criteria were used to identify lesion location and length, lumen diameters, and the presence of a thrombus. Using the contrast-filled guiding catheter (i.e. 6 or 7 French) as the calibration standard, the reviewer determined the reference and minimal lumen diameter according to an automated edge-detection algorithm. The severity of stenosis and the thrombolysis in myocardial infarction (TIMI) [17] grade of flow before and at the completion of PCI were determined.
Statistical analysis
Continuous variables are presented as mean ± standard deviation unless stated otherwise. Chi-square and Fisher's exact tests were used to analyze between-group differences in categorical variables, as appropriate, and Student's t-test was used for comparison of continuous variables. The GFR was entered into the analysis as a continuous variable for comparison between resuscitated and nonresuscitated patients, and as a categorical variable for assessment of the impact of renal function on outcome, as follows: category 1, less than 60 ml/min/ 1.73 m 2 ; category 2, 61-90 ml/min/1.73 m 2 ; and category 3, greater than 90 ml/min/1.73 m 2 . Multivariate logistic regression analysis was performed to determine the significance of the variables related to the 30-day outcome.
All statistical analyses were performed using STATISTICA software (StatSoft, Inc., Tulsa, Oklahoma, USA). A P value of less than 0.05 was considered significant.
Results
A total of 948 patients were included in the study, of whom 21 were resuscitated from cardiac arrest before PCI. Table 1 shows the baseline characteristics of the resuscitated and nonresuscitated patients. The resuscitated group was characterized by a lower rate of dyslipidemia, less frequent aspirin intake, higher peak creatine kinase levels, and less diffuse coronary artery disease. They also had lower systolic blood pressure on admission, more frequently required intravenous catecholamines and intra-aortic balloon pulsation support, and were less frequently given glycoprotein IIb/IIIa antagonists. Table 2 shows the one-month mortality data and causes of death. Thirty-three patients died, 30 (3.4%) in the nonresuscitated group and three (14.3%) in the resuscitated group (P = 0.033). All deaths in the resuscitated group were noncardiac related (sepsis in all three). Only noncardiac mortality was higher in the resuscitated patients, whereas cardiac mortality was equally low in both groups (Table 2) .
Among the resuscitated patients, 11 (52%) were on mechanical ventilation. Among the nine resuscitated patients who were unconscious (CPC 4-5) on admission, two (22%) died, and three additional patients were discharged alive with significant neurological deficit (CPC 3-5). Only one of the 12 patients (8%) who were in CPC 1-3 on admission died, and all the survivors were discharged with CPC 1. Hypothermia therapy was used only in one case. The following variables were associated with poor outcome (death or CPC 3-5), in addition to the neurological status on admission: older age (r = 0.47, P = 0.032), longer interval between onset of cardiac arrest and arrival of a mobile unit (r = 0.67, P = 0.001), longer interval between cardiac arrest and return of spontaneous circulation (r = 0.65, P = 0.001), the initial rhythm (asystole vs. ventricular tachycardia or fibrillation, r = 0.49, P = 0.021), unwitnessed sudden death (r = 0.44, P = 0.042), lower GFR (r = 0.5, P = 0.02), and lower TIMI grade of flow in the infarct-related artery before PCI (r = 0.51, P = 0.017). Sex, location of the infarct, number of stenosed vessels, use of a stent, TIMI grade of flow in the infarct-related artery at the end of PCI, medications including glycoprotein IIb/IIIa antagonists, and hypothermia therapy had no impact on outcome.
Discussion
The results of this study show, for the first time, that emergency PCI in patients with acute STEMI resuscitated from cardiac arrest is associated with a low cardiac mortality rate, which does not exceed the rate observed in patients undergoing emergency PCI for STEMI not complicated by cardiac arrest. In addition, they show that the higher allcause mortality rate in resuscitated patients with STEMI is well explained by noncardiac complications.
Our findings confirm earlier observations that prompt prehospital management, a more favorable prehospital course, and low CPC on admission are associated with survival. In addition, they reveal an association between the pre-PCI GFR and the TIMI grade of flow in the infarct-related artery and survival.
The total mortality rate in our resuscitated patients was markedly lower than reported in earlier studies. In the largest published series of resuscitated patients with acute myocardial infarction, Garot et al. [7] documented a 6-month survival rate of 54%. Quintero-Moran et al. [8] reported a 30-day mortality rate of 27%. Both studies showed an association between delayed cardiopulmonary resuscitation and outcome. Bendz et al. [9] examined the outcome after an out-of-hospital cardiac arrest and successful cardiopulmonary resuscitation in patients with acute STEMI treated with primary PCI; their in-hospital mortality rate was 27.5%. Others observed even higher rates of 32% [13] , 59% [10] , and 60% [11] .
It is of note that all these studies included patients with cardiogenic shock, itself a poor prognostic factor in resuscitated patients [7] , and reported only total mortality. However, comatose state, mechanical ventilation, and prolonged hospitalization may all predispose patients to life-threatening noncardiac complications that may, at least in part, account for high in-hospital mortality rate. Therefore, to better assess the impact of primary PCI on outcome in resuscitated patients with STEMI, we included only patients without cardiogenic shock before the procedure. This probably accounted for at least some of the low total mortality rate in our resuscitated patients. In addition, we differentiated between cardiac and noncardiac causes of death. As the results show, there were no cardiac deaths in the resuscitated group. Thus, in our series, the cardiac mortality rate was similarly low in the resuscitated and the nonresuscitated patients with STEMI undergoing emergency PCI, indicating that emergency PCI for STEMI has a similar beneficial cardiac impact in resuscitated and nonresuscitated patients. Furthermore, our findings showed that noncardiac complications accounted for all deaths in the resuscitated group, resulting in a higher total mortality rate than in the nonresuscitated group. Our finding of higher rates of mortality and unfavorable neurological outcome among the patients who were comatose on admission is in agreement with the findings of Bulut et al. [11] and Gorjup et al. [14] who examined the clinical and neurological outcome of resuscitated patients with STEMI, and found that in-hospital mortality after successful resuscitation largely depends on the neurological status at admission. The rate of fatal sepsis in our resuscitated patients was not higher than that reported previously for patients treated in intensive care units [18] [19] [20] [21] . All three nonsurvivors were on mechanical ventilation on admission and two were comatose. Nosocomial infection and sepsis are well-known, lifethreatening complications in hospitalized patients [18] [19] [20] , particularly among patients in intensive care units and those with neurological deficits. Comatose state is a very strong risk factor for nosocomial sepsis [21] as well as intensive care unit stay and mechanical ventilation [21] . Thus, the higher rate of noncardiac complications in the resuscitated group resulted from their neurological condition and the need for mechanical ventilation, rather than their cardiac condition.
Our findings confirm earlier observations [7] that a longer interval between onset of cardiac arrest and initiation of cardiopulmonary resuscitation, unwitnessed sudden death, asystole at the beginning of resuscitation, a longer interval between cardiac arrest and arrival of a mobile unit, and a longer interval between cardiac arrest and return of spontaneous circulation are all associated with poorer outcome. Additionally, we found that older age and lower GFR also predict poorer outcome. Both these factors are well-established indicators of poor prognosis in patients with acute myocardial infarction [22, 23] , but they have never been described as predictors of risk after cardiopulmonary resuscitation.
